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(54) Polymer wood composite. 

y^ t u/e P£ 

@ A polymer and wood fibre composite that can be used in the fom of a linear extrudate or 
thermoplastic pellet to manufacture structural members, for example/in an ex trusion process or an 

iloride * 



injection moulding process. The composite comprises a (ytnyi cnloride poiymeg) wood fibre and water, 
and preferably also intentionally recycled impurity which might include thermoplastic polymer, 
adhesive, paint, or thermoplastic resin. The pellet can have a cross-section shape having a volume of at 
least about 12 mm 3 . Preferably the pellet is a right cylindrical pellet having a minimum radius of about 
1.5 mm and a minimum length of 1 mm weighing at least 14 mg. 
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This invention relates to composite thermoplastic materials used for the fabrication of structural members. 
The composite material can be provided in pellet form, for use in any structural unit; preferably they are for 
use in windows and doors for residential and commercial architecture. 

These composite materials include an optional, intentional recycle of by-product streams, from window and 

5 door manufacture, of poiymer, adhesive, paint, etc. More particularly, the invention relates to an Improved com- 
posite material adapted to extrusion or injection moulding processes forforming structural members that have 
improved properties when used in windows and doors. The composite materials of the invention can be made 
to manufacture structural components such as rails, Jambs, stiles, sills, tracks, stop and sash, nonstructural 
trim elements such as grid, cove, bead, quarter round, etc. 

10 Conventional window and door manufacture has commonly used wood and metal components in forming 
structural members. Commonly, residential windows are manufactured from milled wood products that are as- 
sembled with glass to form typically double hung or casement units. Wood windows while structurally sound, 
useful and well adapted for use in many residential installations, can deteriorate under certain circumstances. 
Wood windows also require painting and other periodic maintenance. Wooden windows also suffer from cost 

15 problems related to the availability of suitable wood for construction. Clear wood products are slowly becoming 
more scarce and are becoming more expensive as demand increases. Metal components are often combined 
with glass and formed into single unit sliding windows. Metal windows typically suffer from substantial energy 
loss during winter months. 

Extruded thermoplastic materials have been used in window and door manufacture. Filled and unfilled 

20 thermoplastics have been extruded into useful seals, trim, weatherstripping, coatings and other window con- 
struction components. Thermoplastic materials such as polyvinyl chloride have been combined with wood 
members in manufacturing windows soldby Andersen Corporation for many years under the trade mark PER- 
MASHIELD. The technology used in the production of such windows is disclosed in US-2926729 and US- 
3432883, and is used in the application plastic coatings or envelopes on wooden or other structural members. 

28 Generally, the cladding or coating technology used in making such windows involves extruding a thin polyvinyl 
chloride coating or envelope surrounding a wooden structural member. 

Polyvinyl chloride has been combined with wood to make extruded materials. However, such materials 
have not successfully been used in the form of a structural member that is a direct replacement for wood. Com- 
mon thermoplastic composite materials cannot provide similar thermal and structural properties to wood. 

30 These extruded materials fail to have sufficient modulus, compressive strength, coefficient of thermal expan- 
sion that matches wood to produce a direct replacement material. Further, many prior art extruded composites 
must be milled after extrusion to a final useful shape. Typical commodity plastics have achieved a modulus 
no greaterthan about 500,000 psi (3400 MPa). One class of composite, a polyvinyl chloride/wood flour material, 
poses the added problem that wood dust, which can accumulate during manufacture, tends to be explosive at 

35 certain concentrations of wood flour in the air. Most commonly, poly vinyl chloride, polystyrene and polyethy- 
lene thermoplastics have been used in such products. 

Accordingly, a substantial need exists for a composite material that can be made of polymer and wood 
fibre with an optional, intentional recycle of a waste stream. A further need exists for a composite material that 
can be extruded into a shape that is a direct substitute for the equivalent milled shape in a wooden or metal 

40 structural member. This need requires a coefficient of thermal expansion that approximates wood, a material 
that can be extruded into reproducible stable dimensions, a high compressive strength, a low thermal trans- 
mission rate, an improved resistance to insect attack and rot while in use and a hardness and rigidity that per- 
mits sawing, milling, and fastening retention comparable to wood members. Further, companies manufacturing 
window and door products have become significantly sensitive to waste streams produced in the manufacture 

45 of such products. Substantial quantities of wood waste including wood trim pieces, sawdust, wood milling by- 
products; recycled thermoplastic including recycled polyvinyl chloride, has caused significant expense to win- 
dow manufacturers. Commonly, these materials are either burned for their heat value in electrical generation 
or are shipped to qualified landfills for disposal. Such waste streams are contaminated with substantial pro- 
portions of hot melt and solvent-based adhesives, waste thermoplastic such as polyvinyl chloride, paint, pres- 

so ervatives, and other organic materials. A substantial need exists to find a productive environmentally compat- 
ible use for such waste streams to avoid returning the materials into the environment in an environmentally 
harmful way. 

It has been found that the problems relating to forming a substitute for wood and metal structural members 
and the problems relating to the recycle of waste streams in window manufacture can be solved by forming a 
55 polymer/wood fibre composite material into window and door structural members. The polyvinyl chloride can 
be combined with wood fibre and waste materials to form a polyvinyl chloride/wood fibre composite, preferably 
in the form of a pellet. The wood fibre comprises the sawdust or milling byproduct waste stream from milling 
wooden members in window manufacture and can be contaminated with substantial proportions of hot melt 
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adhesive, paint, solvent or adhesive components, preservatives, polyvinyl chloride recyce Mm**** 
ers. etc. We have found that the PVC and wood fibre composite can be manufactured Into J"***"^ 
tutes for wooden members if the PVC and wood material contains less than about 10 ** ***** J? 
than 3.5% water based on pellet weight The compositions can achieve In a final product Jngh |««*«N£ 
compressive strength, reproducible, stable dimensions and a superior modulus of elasticrty. It has also been 
found that the successful manufacture of structural members for windows and doors requires the preliminary 
manufacture of the polyvinyl chloride wood fibre composite in the form of a pellet whereinthe matenals are 
intimately mixed and contacted in forming the pellet prior to the extrusion of the members from the pellet ma- 
terial. It has been found that the intimate mixing of the polyvinyl chloride, wood fibre, and waste in the manu- 
facture of the pellet process with associated control of moisture content produces a pelleteed product that is 
uniquely adapted to the extrusion manufacture of PVC/wood fibre components and achieves the manufacture 
of a useful wood replacement product _^„w^h«h 
The invention relates to the use of polyvinyl chloride and wood fibre compos.te materials with a oonboM 
water content in the form of a pelleteed material wherein the wood fibre Is Intimately contacted and wetted by 
the organic materials. The intimate contact and wetting between the components in the pelletaing process 
ensures high quality physical properties in the extruded composite materials after manufacture. 



Pellet 



The polyvinyl chloride and wood fibre can be combined and formed into a pellet using a thermoplastic ex- 
trusion processes. Wood fibre can be introduced into pellet making process in a number of sizes We beheve 
thatthewoodfibre should have a minimum size of lengthand width of atleastlmm because ^^te"ds 
to be explosive at certain wood to air ratios. Further, wood fibre of appropriate see of a aspect ratio , greater 
than 1 tends to increase the physical properties of the extruded structural member. However, 
members can be made with a fibre ofvery large size. Fibres that are up to 3 cm in length and 0.5cm "MAinm 
can be used as Input to the pellet or linear extrudate manufacturing process. However, particles of this size 
do not produce highest quality structural members or maximized structural strength. The best appearing prod- 
ucVwitE maximized structural properties are manufactured within a range of particle size as set forth below 
Further, large particle wood fibre an be reduced in size by grinding or other similar processes that produce a 
fi^similartosawdusthavingthe stated dimensions and aspect ratio. One further advantage of manufactonng 
he desired size I that the material can be pre-dried before Introduction into the peHet or linear 
eSte manufacturing process. Further, the wood fibre can be pre-pelletized into pellets of wood fibre with 
small amounts of binder if necessary. 

During the palletizing process for the composite pellet, the polyvinyl chloride and wood fibre are Intimately 
contacted at high temperatures and pressures to insure thatthe wood fibre and polymeric ^terial are wetted 
mCd and extruded in a form such that the polymer material, on a microscopic basis coats and flows into the 
pores, cavity, etc.. of the fibres. The fibres are preferably substantially oriented by the extruston process in 
the extrusion direction. Such substantial orientation causes overlapping of adjacent parallel fibres and poly- 
meric coating of the oriented fibres resulting a material useful for manufacture of ^P™^"^' m ««" b ^ 
2th improved physical properties. The degree of orientation is about 20%. preferably 30% above random ori- 
entation which is about 45 to 50%. The structural members have substantially increased strength and tensile 
modulus with a coefficient of thermal expansion and a modulus of elasticity that is optimeed for window and 
doors The properties are a useful compromise between wood, aluminum and neat polymer. 

Moisture control is an important element of manufacturing a useful linear extrudate or pellet Depending 
on the equipment used and processing conditions, control of the water content of the linear extrudate or peHet 
can be important in forming a successful structural member substantially free ol f internal ^«?^*Z* 
teL Th« .concentration of water present in the sawdust during the formation of pellet or linear extrudatewhen 
heated can flash from the surface ofthe newly extruded structural member and can come as a result of a rap^ 
volatilization.form a steam bubble deep in the interior of the extruded member which can pass from the interior 
through the hot thermoplastic extrudate leaving a substantial flaw. In a similarfashion. surface water can bub- 
ble and leave cracks, bubbles or other surface flaws in the extruded member. 

Trees when cut depending on relative humidity and season can contain from 30 to 300 wt % water based 
on fibre content. After rough cutting and finishing into sized lumber, seasoned wood can have a water content 
of from 20 to 30 wt % based on fibre content Kiln dried sized lumber cut to length can have a water content 
typically in the range of 8 to 1 2%. commonly 8 to 1 0 wt % based on fibre. Some wood source, such as poplar 
or aspen, can have increased moisture content while some hard woods can have reduced water -content 

Bemuse of the variation in water content of wood fibre source and the sensitivity of extrudate to wate 
content control of water to a level of less than 8 wt % in the pellet based on pellet weight is important Structural 
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such thai vented extrusion shipment can dry the thermoplastic ma"*" P*"» "» ,|M| « maM " 
rfVtolOmm. Most preferably, the «»n»«^» ra^tarf2 : 3 "" m ^;"?.^ rf Ji' 04 • 7 " m • 

.^^KZLl A pellet Is with dlmenston. suhsandally lea. than 
alK^ea™ difficult to .xt^d.,*!!.!^ 

to Introduce Into extrusion or ln|ectlon moulding eoulpment. and are different to melt and form Into a timsn 
structural member. 

Polyvinyl chloride homopolymer. copolymers and polymeric alloys 

Polyvinyl chloride is a common commodity thermoplastic polymer. Vinyl chloride monomer ^e from 

vinylldene dichloride, acrylate monomers such as acrylic acid, mesylate , '^^^^ 

mmm 
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of intimately mixed segments of the two macro molecular component ^. a ^^ 

glasses upon sufficient cooling and a homogeneous or mlsable polymer ^ /^J^SESE 

^ndenfglass transition temperatu^^ 

«r mL olass transition temperatures associated with immiscible polymer phases. In the simplest cases, the 
SS^lSS^-tad a composition weighted average of properties possessed Wjm* 
^TaenZ^ZeJ, the property dependence on composition varies in a complex way w. th a particular 

Wend, and itsmechanical state whether molecules and phases are on^ 

mS aJterLcr^oniM. topolymw tods; po^lnyl <*tori«pol,.tn»lene; P"*™* cNcddefcltalnatea 
< *^S^£Zm* lb, sub**™*-* thermopile pdymeric maWal *tm * 

^SJrrod polyvinyl chloride materials are poiyvlnyl chioride homopolymer having a molecular we,ght of about 
90,000 ± 50,000. most preferably about 88,000 ± 10,000. 



Wood fibre 



Wood fibre, in terms of abundance and suitability can be derived from either soft woods , on ^Z7Z 

3 mm in length. 1 mm In thickness and commonly have an aspect ratio of at least 1.8 ™ 
are Tto 0 mm in length. 0.3 to 1.5 mm in thickness with an aspect ratio between 2 and 7, 

^STlZTaxe cut to size and mitred joints, butt joints, overlapping joints, mortise and tenon jo.nte are 
M^TeX^prTstope* wooden members, substantial waste trim is produced. Such large tnm pieces 
r^mtntlutand machined * convert the. arger objects into wood ^ 

sawdust or mill tailing dimensions. The wood fibre sources of the invention can be blended «9ardless of par 
de sfce and " ed to make the composite. The fibre stream can be pre-sized to a prefer red range or can be 
steed after blending. Further, the fibre can be pre-peiletized before use in composrte manufacture. 
^S«SSLl«W can contain substantial proportions of waste stream by-products. Such by-products 

inJSSS^^ * other material8 that have been used 38 coa 9 ; , 9 ZZt 

^SSL recycled structural members made from thermoplastic matenals; pdymeric 
T^ ^lgst^Tc^po^ in the form of hot me.t adhesives. soivent based adhesive* pow- 

Sed^ 

ftinaal agente anti-bacterial agents, insecticides, etc.. and other waste streams common in the manufactore 
of w^drdoonTand Windows The total waste stream content of the wood fibre materials is commonly less 
Hl^Z%dZ toTwL fibre input into the polyvinyl chloride wood fibre product Of the total waste 
aide ItriZSw wt % of that can comprise a vinyl polymer commonly polyvinyl chloride. Commonly. 

monly from about 3 to about 15 wt % of contaminants based on the sawdust. 
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Composition and pellet manufacture 

In the manufacture of the composition and pellet of the invention, the manufacture and procedure requires 
two important steps. A first blending step and a second pelletizing step. 

5 During the blending step, the polymer and wood fibre are intimately mixed by high shear mixing compo- 
nents with recycled material to form a polymer wood composite wherein the polymer mixture comprises a con- 
tinuous organic phase and the wood fibre with the recycled materials forms a discontinuous phase suspended 
or dispersed throughout the polymer phase. The manufacture of the dispersed fibre phase within a continuous 
polymer phase requires substantial mechanical input. Such input can be achieved using a variety of mixing 

10 means including preferably extruder mechanisms wherein the materials are mixed under conditions of high 
shear until the appropriate degree of wetting and intimate contact is achieved. After the materials are fully 
mixed, the moisture content can be controlled at a moisture removal station. The heated composite is exposed 
to atmospheric pressure or reduced pressure at elevated temperature for a sufficient period of time to remove 
moisture resulting in a final moisture content of about 8 wt % or less. Lastly, the polymer fibre is aligned and 

is extruded into a useful form. 

The preferred equipment for mixing and extruding the composition and wood pellet of the invention is an 
industrial extruder device. Such extruders can be obtained from a variety of manufacturers including Cincinnati 
Millicron, etc. 

The materials feed to the extruder can comprise from about 30 to 50 wt % of sawdust including recycled 
20 impurity along with from about 50 to 70 wt % of polyvinyl chloride polymer compositions. Preferably, about 35 
to 45 wt % wood fibre or sawdust is combined with 65 to 55 wt % polyvinyl chloride homopolymer. The polyvinyl 
chloride feed is commonly in a small particulate size which can take the form of flake, pellet, powder, etc. Any 
polymer form can be used such that the polymer can be dry mixed with the sawdust to result in a substantially 
uniform pre-mix. The wood fibre or sawdust input can be derived from a number of plant locations including 
25 the sawdust resulting from rip or cross grain sawing, milling of wood products or the intentional commuting or 
fibre manufacture from waste wood scrap. Such materials can be used directly from the operations resulting 
in the wood fibre by-product or the by-products can be blended to form a blended product. Further, any wood 
fibre material alone, or in combination with other wood fibre materials, can be blended with waste stream by- 
product from the manufacturer of wood windows as discussed above. The wood fibre or sawdust can be com- 
30 bined with other fibres and recycled in commonly available particulate handling equipment 

Polymer and wood fibre are then dry blended in appropriate proportions prior to introduction into blending 
equipment. Such blending steps can occur in separate powder handling equipment or the polymer fibre streams 
can be simultaneously introduced into the mixing station at appropriate feed ratios to ensure appropriate prod- 
uct composition. 

35 In a preferred mode, the wood fibre is placed in a hopper, controlled by weight or by volume, to meter the 
sawdust at a desired volume while the polymer is introduced into a similar hopper have a volumetric metering 
input system. The volumes are adjusted to ensure that the composite material contains appropriate proportions 
on a weight basis of polymer and wood fibre. The fibres are introduced into a twin screw extrusion device. The 
extrusion device has a mixing section, a transport section and melt section. Each section has a desired heat 

40 profile resulting in a useful product. The materials are introduced into the extruder at a rate of about 600 to 
about 1000 pounds of material per hour and are initially heated to a temperature of about 215-225°C. In the 
intake section, the stage is maintained at about 21 5°C to 225°C. In the mixing section, the temperature of the 
twin screw mixing stage is staged beginning at a temperature of about 205 to 215°C leading to a final temper- 
ature in the melt section of about 195 to 205°C at spaced stages. Once the material leaves the blending stage, 

45 it is introduced into a three stage extruder with a temperature in the initial section of 185 to 1 95°C wherein the 
mixed thermoplastic stream is divided into a number of cylindrical streams through a head section and extruded 
in a final zone of 195 to 200°C. Such head sections can contain a circular distribution (6 to 8" diameter) of 10 
to 500 or more, preferably 20 to 250 orifices having a cross-sectional shape leading to the production of a reg- 
ular cylindrical pellet. As the material is extruded from the head it is cut with a double-ended knife blade at a 

so rotational speed of about 100 to 400 rpm resulting in the desired pellet length. 

The following examples were performed to further illustrate the invention that is explained in detail above. 
The following information illustrates the typical production conditions and compositions and the tensile mod- 
ulus of a structural member made from the pellet. 

55 EXAMPLE 1 

ACincinnati millicron extruder with an HP barrel, Cincinnati pelletizer screws, an AEG K-20 pelletizing head 
with 260 holes, each hole having a diameter of about 0.0200 inches was used to make the pellet The input to 
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the pelletlzer comprised approximately 60 wt % polymer and 40 wt % sawdust The polymer material comprises 
a thermoplastic mixture of approximately 1 00 parts of polyvinyl chloride homopolymer (In. weight of 88,000 ± 
2000), about 15 parts titanium dioxide, about 2 parts ethylene bis-stearamlde wax lubricant, about 1.5 parts 
calcium stearate, about 7.5 parts Rohm & Haas 820-T acrylic resin impact modifier/process aid and about 2 
parts of dimethyl tin thioglycolate. The sawdust comprises a wood fibre particle containing about 5 wt % re- 
cycled polyvinyl chloride having a composition substantially identical to that recited above. 

The initial melt temperature in the extruder was maintained between 350°C and 400 8 C. The pelletlzer was 
operated at a polar vinyl chloride-sawdust composite combined through put of 800 pounds per hour. In the initial 
extruder feed zone, the barrel temperature was maintained between 21 5-225°C. In the intake zone, the barrel 
was maintained at 215-225 0 C, in the compression zone the temperature was maintained at between 205- 
215°C and in the melt zone the temperature was maintained at 195-205°C. The die was divided into three 
zones, the first zone at 185-195°C, the second die zone at 1 85-195°C and in the final die zone at 195-205°C. 
The pelletizing head was operated at a setting providing 100 to 300 rpm resulting in a pellet with a diameter 
of 5 mm and a length as shown in the following Table. 
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In Table I, the composite material is made from a polyvinyl chloride known as GEON 427 obtained from 
B.F. Goodrich Company. The wood fibre is sawdust by-product of milling softwoods in the manufacture of wood 
windows at Anderaen Corporation, Bayport, Minnesota. The modulus for neat polyvinyl chloride measured sim- 
ilarly to the composite materials is about 430,000 psi (2900 MPa). The Young's modulus is measured using 
an Instron Model 450S (Series 9 software) automated materials testing system and uses an ASTM method D- 
638. Specimens are milled to specifications of the test and are measured at 50% relative humidity, 73°F with 
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a cross set speed of 0.5 cm.mirr 1 (0.200 in/mln). 

Table II contains tensile modulus results from composite materials made using injection moulding technol- 
ogy. The Table shows a substantial increase in tensile modulus when compared to non-composite PVC. 
It has been found that the preferred pellet of the invention displays, in a formed structural member, a 

5 Young's modulus of at least 500,000 psi (3440 MPa) and commonly falls in the range greater than about 
800,000 psi (5500 MPa), preferably between 800,000 and 2.0 x 10 a psi (5500 and 1 3.8 MPa). Further, the coef- 
ficient of thermal expansion of the material is well matched to a compromising between aluminum, PVC and 
wood products and ranges from about 2.9 to 3.2 x 10- 1 0 0 1 (1.6 to 1.8 x 10^ in./in.°F). It is believed that the 
superior properties of the structural members made from the composite or pellet of the invention are in large 

10 part due to the nature of the pellet set forth in the Table above. It is considered that the Table clearly shows 
that the polyvinyl chloride and wood fibre can be combined at various proportions under a variety of temper- 
ature conditions to produce a regular pellet. The pellet then can be used in further extrusion processes to form 
a useful extruded structural member useful in the manufacture of environmentally sensitive windows and doors. 
The composite is a superior replacement for wood because it has similar mechanical properties but attains a 

15 dimensional stability and resistance to rot, and insect damage not attainable by wood products. 



Table II 





Injection Moulded Samples 


20 


DESCRIPTION 


TENSILE MODULUS (ksi) 


STANDARD DEVIATION (ksi) 




High melt/large pellet/40% 


1205 


242.4 




PVC 


488.8 


28.4 


25 


High melt/small pellet/40% 


1232 


133.3 



Features of polymer/wood composite materials, and components and members made from such materials, 
are disclosed in US patent applications numbers 07/938604, 07/938364 and 07/938365, and the European pa- 
tent applications which claim priority from those applications which are being filed with this application. Ref- 
erence is to be made to the specifications of those applications for information regarding those features. 
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Claims 

1. A composite formed as a pellet, which is formed from a composition which comprises: 

(a) at least about 30 wt % of a polymer comprising vinyl chloride; 

(b) at least about 30 wt % of wood fibre having a minimum thickness of 1 mm and a minimum length 
of 3 mm and a minimum aspect ratio of about 1.8; and 
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10 



15 



(c) less than about 8 wt % by weight water; 
In which the wood fibre is dispersed throughout a continuous polymer phase. 

A polymer and wood fibre composite capable of formation Into a structural member, comprising: 

(a) at least about 30 wt % of a polymer comprising vinyl chloride; 

(b) at least about 30 wt % of wood fibre having a minimum thickness of 1 mm and a minimum length 
of 3 mm and an aspect ratio of about 18; and 

(c) less than about 8 wt % water; 
in which the wood fibre is dispersed throughout a continuous polymer phase. 

A composite formed from a composition comprises: 

(a) at least about 30 wt % of a polymer comprising vinyl chloride; 

(b) at least about 30 wt % of wood fibre having a minimum width of 0.3 mm and a minimum length of 
1 mm and an aspect ratio of greater than about 1.8; 

(c) about 0.01 to 25 wt % of an intentionally recycled impurity comprising thermoplastic polymer, ad- 
hesive, paint, or thermoplastic resin, or mixtures thereof; and 

(d) less than about 10 wt % water, 

in which the wood fibre is dispersed throughout a continuous polymer phase. 

4. A composite as claimed in any one of claims 1 to 3, in which the polymer comprises a vinyl chloride hom- 
20 opolymer, preferably with a molecular weight of about 90,000 ± 50,000. 

5. A composite as claimed in any one of claims 1 to 3, in which the polymer comprises a vinyl chloride co- 
polymer, preferably with a molecular weight of about 88,000 ± 10,000. 

25 e. A composite as claimed in any one of claims 1 to 5, in which the wood fibre comprises a by-product of 
milling or sawing wooden members, preferably sawdust 

7. A composite as claimed in any one of claims 1 to 6, in which the composition additionally comprises a 
compatibilising agent. 

8. A composite as claimed in any one of claims 1 to 7, in which the wood fibre has a fibre width of about 0.3 
to 1.5 mm. 

9. A composite as claimed in any one of claims 1 to 8, in which the wood fibre has a fibre length of about 1 
to 10 mm. 

10. A composite as claimed in any one of claims 1 to 9, in which the wood fibre has an aspect ratio of about 
2to7. 

11. A composite as claimed in any one of claims 1 to 1 0, in which the water comprises at least about 0.01 wt 
40 % of the pellet. 

12. A composite as claimed in any one of claims 1 to 1 1 , in which the water comprises less than about 5 wt 
%, preferably less than about 3.5 wt %, of the pellet 

45 13. A composite as claimed in any one of claims 1 to 12, which comprises from about 0.01 to 25 wt % of in- 
tentionally recycled impurity, comprising at least one of a thermoplastic polymer, an adhesive, and a ther- 
moplastic resin. 

14 A composite as claimed in claim 13, which includes one or more of (a) upto about 5 wt % of a hot melt 
„ adhesivecomposition, (b) upto about 5 wt % of a paint, and (c) 0.01 to 15wt% of recycled polyvinyl chloride 

cladding which comprises about 9.0 to 99.9 wt % polyvinyl chloride and about 0.01 to 2 wt % of a pigment 

15. A composite as claimed in any one of claims 1 to 14, which is a cylindrical extruded pellet having a radius 
of about 1 to 5 mm and a length of about 1 to 10 mm. 

55 16. A composite as claimed in any one of claims 1 to 14, which is a cylindrical linear extrudate having a radius 
of about 1 to 5 mm. 
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17. Acomposite as claimed in any one of da^itoie ,,n^ch the amount of the polymer In the blend b 
more than about 40%, more preferably more than about 45%. 

18. A composite as Calmed In any one of eWm. 1 to 17. In which the amount of the wood fibre In the blend 
5 Is more than about 35%. 

19. Acompositeascla b ned.nanyoneofcla b ns1to18.inwhichtheamountofpo.ymerintheb.endlsless 

than about 70%, preferably less than about 65%. 

20. A composite as claimed in any one of claims 1 to 19. in which the amount of wood fibre in the blend is 
10 less than about 50%. 
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